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[5 7] ABSTRACT 
Spacecraft payload architecture which includes an 
array (10) of radiating elements preceded by an ampli? 
cation stage (17) and a focusing optical system (11), 
characterized in that the architecture is adapted to a 
telecommunication mission by taking into account the 
overall requirements of the system, namely the radia 
tion performance required for the mission, efficient 
rating of the ampli?cation stage and attractive overall 
balances. 

7 Claims, 3 Drawing Sheets 
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SPACECRAFI PAYLOAD ARCHITECTURE 

BACKGROUND OF THE INVENTION 

The present invention concerns a spacecraft payload 
architecture. 
The design and speci?cation of “space segment” 

telecommunication payloads are evolving in line with 
operator requirements re?ected by the “explosion” in 
data communications, the development of direct and 
semi-direct TV broadcast systems, communications 
with air, land and sea mobiles, etc. 

Unlike systems of previous generations, new systems 
must provide for a number of features directed to im 
proving the management of the satellite’s “onboard” 
resources such as 

-multi-beam operation; recon?gurable coverage 
zones, ?exibility of addressing the RF (Radio Fre 
quency) output power to different beams, EIRP 
(Equivalent Isotropic Radiated Power) recon?gurabil 
ity. 
These features go hand in hand with expected im 

provements in transmission systems, such as increased 
transmit EIRR, increasingly high receive G/T factor of 
merit, and radiated beam quality including: beam shap 
ing: (severe template,) isolation areas, and high directiv 
ity. 

Specifying the optimum payload for a given mission 
requires a rigorous review of all potential antenna solu 
tions to develop the best possible system. 

Conventional transparent repeater architectures do 
not offer satisfactory response in the context of mul 
tibeam operation with instantaneous power recon?gu 
rability, a concept which has attracted considerable 
research effort over the last decade. 
The natural expression of total instantaneous power 

recon?gurability is the phased array. The antenna sys 
tem representing the best response to this problem is 
essentially the direct radiating array using strictly the 
same amplitude law to generate any spot where the only 
control which is then applied is phase control. In a 
system of this kind, the ampli?er rating is immediately 
apparent and their operation is optimized because there 
is no differential demand between the different spots, 
i.e., the amplitude laws are identical. The drawback of 
this type of approach is its intrinsic complexity if signi? 
cant directivity is required. The maximum size of the 
basic components is determined by the array lobe crite‘ 
rion. A large number of unit sources involves a large 
number of control points and therefore as many ampli? 
ers as there are channels at the beam forming level. 

Overall payload budgets often rule out direct radiat 
ing arrays when the aperture required is several tens of 
wavelengths. The result is all the more marked for 
apertures of more than one hundred times the wave‘ 
lengths which are routinely used in telecommunication 
applications employing very high gain. It is therefore 
bene?cial to obtain the gain parameter using a wide 
aperture where a re?ector (or lens) is illuminated by a 
primary source whose complexity depends on the mis 
sion. 1 

Here again there are two feasible concepts, distin 
guished by whether or not they use a Fourier transform. 
The ?rst concept is to dispose the feeds in the focal 

plane of a focussing system. In this case the beams are 
generated by carefully managing the amplitude and the 
phase of each feed. A concept of this kind is described 
in the article “A versatile array re?ector antenna: part 
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2 
A - Reception” by R. Lenormand, E. El Shirbini, J. 
Neron. J. P. Marre, B. Vidal Saint André, R. Coirault 
and E. Rammos (SIO/IEEE/OO2-88). This concept has 
a number of inherent advantages. It offers very high 
synthesis ef?ciency and requires a minimal number of 
feeds (this is characteristic of focused systems). 
The use of a focusing optical system offers a number 

of advantages in terms of antenna performance (synthe 
sis quality, high yield, minimal number of feeds with 
repercussions on the rating, overall dimensions, mass 
and power consumption of active and control systems). 
However, the optical system is in a plane where recon 
?gurability is poor which introduces a major problem 
with ampli?er ratings where an equal-amplitude condi 
tion characteristic of phased array operation ensuring 
good recon?gurability is required in the ampli?er plane. 
This is achieved, broadly speaking, by applying a sec 
ond Fourier transform to change from a distribution 
characteristic of a diffraction spot to an equal-amplitude 
distribution. 
The recon?gurability requirement and the rating of 

the payload therefore impose the use of a Butler matrix 
or a generalized coupler which must be included in all 
balances (mass/overall dimensions/dissipation/losses, 
etc). 
A second concept starts from the idea that two same 

focus re?ectors are equivalent to a double spatial Fou 
rier transform. This approach is behind the implementa 
tion of imaging arrays as described in “Limited elec 
tronic scanning with an offset-feed near-?eld gregorian 
system” by W. D. Fitzgerald (Technical report 486; 
Sep. 24, 1971, Massachusetts Institute of Technology 
Lincoln laboratory). 
A structure of this kind is complex for use on a satel 

lite. One of the two re?ectors is dispensed with and a 
non-focusing surface is employed for the main re?ector 
which illuminates a primary array as uniformly as possi 
ble. In a device of this kind, theory indicates that only 
the phase has to be controlled to generate spots in the 
required areas; all of the radiating elements are ener 
gized under equal-amplitude conditions. This mode of 
operation introduces certain radio frequency design 
constraints such as an uprated re?ector by 25 to 40% as 
compared to a parabolic re?ector), and a large array 
because it is far away from the “focal plane” on its 
upstream or downstream side. 
From the antenna point of view, the second concept 

raises two problems. The ?rst problems relates to aver 
age synthesis quality because only the phase is con 
trolled and reduced ef?ciency (35 to 45%) because of 
the radiation lost in the lobes of the array. The second 
problem relates to large number and uprating of control 
elements; this represents a penalty with respect to the 
mass performance. 

This solution is attractive in terms of system budgets 
because its recon?gurability allows poor antenna per 
formance to be compensated by ef?cient rating of the 
ampli?ers. The evaluation of the continuous power to 
produce a given EIRP is the concept which is of bene?t 
in budget terms. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
elegant response to the requirements of a telecommuni 
cation mission to transmit without encountering the 
problems of these various solutions, including a focused 
solution recon?gurability is poor which means that a 



5,248,980 
3 

highly complex matrix technology must be used, and an 
imager re?ector solution the mass and the number of 
control points of which are both uprated. 
The invention goes against both of these approaches, 

which raise problems and can even represent a dead 
end. The logic of the present approach is twofold: to 
?nd a system which guarantees antenna performance 
with good ef?ciency; 

—-has intrinsic recon?gurability. 
To this end the invention proposes a space payload 

architecture including a telecommunication system 
comprising a feed array preceded by an ampli?cation 
stage and a focusing optical system characterized in that 
the architecture is adapted to a telecommunication mis 
sion by taking into account all requirements of the sys 
tem, namely radiation performance suited to the mission 
requirements, ef?cient rating of the ampli?cation stage 
and attractive overall balances. 
With this architecture it is possible to use only a lim 

ited number of feeds with intrinsic payload ?exibility 
and an optimized combination of mass/power consump 
tion/cost. 
For each coverage zone of the mission, rather than 

addressing a limited number of feeds, a larger set of 
main feeds is advantageously addressed requiring high 
power levels. The main set of feeds is common to all the 
coverage zones, all these feeds have more or less the 
same power level. For ?ner synthesis of each coverage 
zone additional feeds at lower power levels are em 
ployed. The feeds which have the same amplitude and 
phase variations from one coverage zone to another are 
grouped together around a single control point. The 
feeds which contribute little to synthesis are ignored, 
accepting a limited loss as compared with the optimum 
synthesis. 

Signi?cant aberrations are therefore generated in the 
optical system. 
These aberrations can be generated by depointing the 

boresight axis of the antenna relative to the set of cover 
age zones, or by using optical systems with a very low 
focal length/ diameter ratio so that any off-axis radiation 
causes important amplitude and phase distortion at the 
focal spots or by using offset antenna con?gurations 
with a very high offset angle which is typically 60° to 
90°, also a source of signi?cant distortion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the invention will 
emerge from the following description given by way of 
non-limiting, example with reference to the appended 
Figures in which: 
FIG. 1 is a schematic representation of a payload 

architecture in accordance with the present invention. 
FIGS. 2 and 3 show one embodiment of the antenna 

system in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the antenna system in accordance with the present 
invention shown in FIG. 1, which includes an array 10 
of feeds or radiating elements preceded by an ampli?ca 
tion stage 17 and an optical focusing system 11, such as 
a re?ector, for example, signi?cant aberration is deliber 
ately generated in the optical system so that to obtain a 
coverage zone 15 in a given telecommunication mission, 
the system, unlike a purely focusing system, does not 
address a limited number of feeds, but over?ows onto a 
larger set 16 of main feeds 18 which require high power 
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4 
levels common to all the coverage zones. For a ?ner 
synthesis additional feeds 19 are employed at lower 
power levels. The precision of the synthesis is therefore 
dependent on high, medium and low level elements. 
The aberrations may be generated by various means. 
The following may be mentioned by way of non-limit 
ing example: 

depointing of the boresight axis 12 of the antenna 
relative to the direction 13 of the set of coverage zones; 

use of an optical system 11 with a very small focal 
length/diameter ratio so that any off-axis radiation 
causes signi?cant amplitude and phase distortion at the 
focal spots; 

using offset antenna con?gurations with a very high 
offset angle: typically 60° to 90°, which also generate 
high distortion. 

Referring to FIG. 1, the increased set of feeds 14 
(high, medium and possibly low levels) for the mission , 
is disposed in a highly unfocused way relative to the 
focus F of the re?ector 11 which is a strongly curved 
parabolic re?ector. ' 

The system is correctly rated if, for all the coverage 
zones to be generated, the various diffraction spots to be 
synthesized distribute the power in a balanced way 
between the feeds, meaning that the high feeds remain 
high (medium or low) for any spot. Obviously, it is not 
feasible to consider a power distribution that is strictly 
identical for all the coverage zones to be synthesized. A 
reduced dynamic range is tolerated with respect to the 
requirements of each feed. These dynamic ranges char 
acterize a ?ner radio frequency synthesis because ampli 
tude and phase control are retained to optimize the 
mission coverage. 
When the antenna sub-system con?guration has been 

set, the transmission payload rating is immediately evi 
dent and depends on the total power to be transmitted 
and on the EIRP ?exibility required by the mission. 

Various classes of ampli?er have been de?ned (high, 
medium low gain). These ampli?ers are optimized with 
respect to their operating point because they operate 
over a reduced dynamic range (1 to 2 dB) so ‘that all of 
the payload is rated with a minimal back-off, which 
guarantees very high ef?ciency at the EIRP/continu 
ous consumption balance irrespective of the traffic and 
recon?guration requirement. 
A con?guration of this kind is of interest for more 

than one reason, and its advantages can be summarized 
to include excellent synthesis capacity, (phase and am 
plitude control) “free of charge” (no additional compo 
nents) recon?guration capability, and an optimized an 
tenna sub-system including a reduced number of active 
elements, no array lobe problems, compact and easy to 
install solution, compact primary array and no uprating 
of array+re?ector system, and ?nally easy rating of 
ampli?cation stages and high payload ef?ciency. 
The solution put forward by the invention takes ac 

count of overall system requirements from the outset. 
This solution based on the use of high aberration optical 
systems achieves an excellent overall compromise on 
lumping all balances together (mass, number of compo 
nents, consumption, ?exibility, complexity). 
The embodiment described hereinafter concerns the 

rating of a transmission payload providing multispot 
European coverage. As shown in FIGS. 2 and 3, the 
mission requirement is to generate a wide European 
spot 20, and ?ve “national" spots 21, 22, 23, 24 and 25. 
The EIRP must be ?exible and addressable to any 

beam within a speci?ed dynamic range. 
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The solution at the antenna subsystem level consists 
in using a re?ector geometry with a very small focal 
length/diameter ratio (around 0.35) associated with a 
set of feeds illuminating the re?ector with a 90“ inclina 
tion angle, and considering an antenna target point 0 
deliberately off-center within the coverage zone such 
that the center of the European coverage zone is there 
fore in North ltaly although the focal axis of the an 
tenna is aimed at the sub-satellite point 0° North 20" 
East. 
These two conditions are such that the system is 

operated in a way that contradicts received wisdom on 
antenna rating. This approach is the basis for the rating 
of the payload because it is the keystone of the instanta 
neous power recon?gurability. 
The system proposed in this embodiment uses in 

cludes a re?ector 4 meters in diameter with a focal 
length/diameter ratio of 0.35, that is a focal length of l 
400 mm and a set of 14 L-band (1.5 GHz) dipoles dis 
posed in the focal plane. This primary feed architecture 
is the result of work on optimizing the retention or not 
of an additional peripheral element given the increase in 
antenna performance that it brings (contour tracking, 
isolation, gain in dB) and the impact of a large number 
of elements which increases the complexity of the sys 
tem at payload level (mass of beam forming networks 
(BFN), SSPA ampli?ers, ?lters, radiating panel, etc). 

Initially it is necessary to bracket the solution by 
using a large number of feeds. A signi?cant ?eld spread 
is produced because of the aberrant optics. Initially the 
implementation uses an uprated number of radiating 
elements (30 in the case of the mission under consider 
ation). Optimization software then establishes “refer 
ence” performances for the con?guration. 
As the problem of the number of control points of 

active antennas is crucial, the entire approach thereafter 
is to reduce the number of channels and therefore of 
SSPA and ?lters, producing attractive overall budgets. 
Two methods are employed to achieve this reduc 

tion. One is the elimination of elements making little 
contribution to the synthesis accepting a limited loss 
compared with the optimal reference synthesis (typi 
cally 0.50 dB). The other method includes grouping 
elements having the same amplitude and phase variation 
from one spot to another around a single control point. 
By way of example, table I at the end of this descrip 

tion sets out all results for the reference synthesis using 
the 30 basic elements, the level in dB being de?ned 
relative to the maximum level obtained. Some feeds 
obviously make a negligible contribution and can be 
eliminated such as feeds numbered 01, 02, 14, 15, 27, 28, 
29, and 30, yielding a new distribution of 22 feeds. 

It is also obvious from this table that a number of 
elements receive much more power than the others, 
irrespective of the spot in question, the feeds are num 
bered 11, 12, 16, 17, 18, 20, 21, and 22 constituting the 
central part of the array. It is because of this contrast 
spreading of the major part of the power over a com 
mon number of elements that recon?gurability is a natu 
ral feature of the system. 

Further elements can also be eliminated, subject to 
veri?cation by calculation such as the feeds numbered 
04, 09, 10 and 19, reducing the number of radiating 
elements to 18. 

Optimization has been taken even further to reduce 
the number of radiating elements to 18 and the number 
of independent control points to 12. Table II shows the 
?nal performance obtained for each of the spots synthe 
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6 
sized using 14 feeds compared to the nominal perfor 
mance obtained with 30 feeds. Note that the impact at 
RF is minor and does not exceed 0.50 dB. 
FIGS. 2 and 3 show the coverage performance of the 

?nalized con?guration. 
These results show the bene?t of the con?guration 

justifying its recon?gurability by a rating of an ampli? 
cation stage. 
A complete set of power distributions has been ana 

lyzed and is provided below. 
The following seven distributions of a total power of 

100 W were considered: 
1. Global (76 W)+24 W to equi-distributed spots. 
2. Global (50 W)+24 W to equi-distributed spots. 
3. Global (76 W)+24 W to spot 21. 
4. Global (76 W)+24 W to spot 22. 
5. Global (76 W)+24 W to spot 23. 
6. Global (76 W)+ 24 W to spot 24. 
7. Global (76 W)+24 W to spot 25. 
The calculation method starts with the set of optimi 

zation result coef?cients to de?ne the maximum power 
requirement for each control point according to differ 
ent traf?c scenarios, As a general rule 12 different nu 
merical values result. It is a relatively simple matter to 
group these values in ampli?er classes. In the present 
application this yields: 
one 40 W ampli?er, 
one 30 W ampli?er, 
one 10 W ampli?er, 

four 2.5 W ampli?ers. 
The calculation for each distribution then analyzes 

the operating point of the ampli?er relative to the maxi 
mum power, evaluating its ef?ciency for this precise 
point and so determining the continuous power re 
quired to deliver the RF power. 

This calculation is done for the 12 ampli?ers and after 
this it is possible to evaluate the recon?gurability of the 
system by comparing the continuous consumption and 
the overall yield. 

Table III shows all analysis results based on yield 
losses of 0.50 dB/dB. The table shows the RF power 
required by each of 12 subgroups and the total con 
sumption of the con?guration for all traf?c cases ana 
lyzed. 
The results are striking and show unambiguously the 

capability of the system to integrate high traf?c dy 
namic range without penalty as to the rating of the 
ampli?er system (loss of yield due to traf?c variation 
§0.40 dB). 
The con?guration of the subsystem based on the use 

of a strongly defocused optical system therefore makes 
it possible to implement a multispot coverage using a 
limited number of active elements having performance 
capabilities near those of a focusing system having a 
small number of ?lters, control elements, and SSPA. 
This con?guration also makes it possible to rate the set 
of ampli?ers nominally without requiring complex sys 
tems such as generalized couplers or other diffusing 
matrices. 
Of course, the present invention has been described 

and shown by way of preferred example only and its 
component parts may be replaced with equivalent com 
ponent parts without departing from the scope of the 
invention. 
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wherein said satellite antenna 5 stem serves a lural TABLE I . . Y . P 

ity of coverage zones with a plurahty of beams 
Scan‘ formed by said radiating elements of said array and Global Spain France Italy Greece dinavia , , _ , _ , 

source (20) (21) (22) (23) (24) (25) said optical focusmg system, wherein sa1d optical 
o‘ _1 4.50 _ __ _ __1Mo _15‘B0 5 focusing system is arranged to generate optical 
02 -18.70 ' _ - - -15.50 -18.7o Pbel'fallqns; ‘ 

03 -12.1o - 44.00 -15.20 -a.so -9.20 said array mcludes a predetermined number of high 
8‘; 413g 45-20 4410 —1°-°° ~13?) 4'90 level radiating elements, said high level radiating 

_ ' _ _ _' _13' 0 _ elements being common to all of said coverage 
06 -6.20 -16.00 -10.00 -7.10 —5.56 -5.30 . . . 

07 _6_80 45.00 4110 4.50 _4_50 _3_70 l0 zones and contmuously operating at a h1gh power 
08 -10.20 -12.10 -6.30 —6.50 —8.90 -3.64 level for each of said plurality of coverage zones, 
(I): “13-20 ‘13-00 -9-7° -13-7° — “lo-9° said array further includes additional radiating 

“1 '40 _l '20 _ “1160 4390 “25m elements which provide for a ?ner synthesis of 
11 -2.14 -5.90 -2.92 -0.50 0.00 -1.50 . . 
12 4,40 _4_40 4'44 495 _5'70 000 coverage for each of sa1d plurality of coverage 
13 —l6.l0 -9.00 -8.00 -12.75 -18.00 -8.60 15 zones, said additional radiating elements operating 
:2 2:20 - 44-70 — — - at levels which are lower than said high power 

" ' _ _ _ “1160 ‘18” level of each of said high level radiating elements; 
16 -5.20 -2.10 -5.80 -2.54 -5.90 -5.80 . . . . 

17 000 0,00 0,00 000 4'90 _o_60 wherein each of said plurality of beams is formed by 
18 -6.00 -6.80 -7.7o - 10.36 —8.20 -3.30 the excitation of a subset of said radiating elements 
19 —l9.00 — -—13.50 — —— —9.80 of array~ 

g? ‘1328 3:2 :33: 1'33 : 11:38 2. The satellite antenna system according to claim 1, 
22 __4_;@ _6_;0 _5_43 _6_1O _10_16 _6_'45 wherein a dynamic range of amplitude excursion be 
23 -27.10 -17.oo -9.oo - 13.80 - --6.00 tween said plurality of beams radiated by said high level 
24 -“~10 421° -17'°° '- — — radiating elements is limited in the order of 6 dB. 
25 ‘8'10 _ '20 4000 “1160 _ _16'30 25 3. The satellite antenna system according to claim 1, 
26 -12.10 -9.50 — -11.0o - -13.00 . . . . . 

27 _ _ __ __ _ _ wherem sald radlatmg elements which have the same 

28 -19.00 - - - - _31.00 amplitude and phase variations for more than one cov 

29 -13-00 4°30 — - — 4350 erage zone are controlled in accordance with a single 
30 _ 4350 _ _ _ — control point. 

30 4. The satellite antenna system according to claim 1, 
TABLE H wherein said radiating elements contributing little to the 

S t 25 synthesis of a coverage zone are ignored. 
p0 . . . 

5pm 20 Spot 2] Spot 22 Spot 23 spot 24 Scam 5. The satellite antenna system accordmg to claim 1, 
Global Spain France m1). Greece dinavia wherein said aberrations are generated by providing 

Fina] 27.0 32m 3110 3205 3210 3205 35 said optical focusmg system with a very small focal 
performance length/diameter rat1o. 
Nominal 27.50 32.30 32.40 32.25 32.25 32.25 6. The satellite antenna system according to claim 1, 

Performance wherein said aberrations are generated by depointing a 
boresight axis of said satellite antenna system relative to 

TABLE III 

Total 
Distri- Radiating elements continuous 
bution 01 02 03 v04 05 06 07 08 09 10 11 12 power 

1 4.11 4.58 4.93 1.20 3.51 5.48 2.16 8.37 1.32 0.89 37.18 25.67 435 w 
2 4.30 4.60 5.35 1.75 4.61 5.65 2.39 8.68 1.79 1.54 34.46 23.70 434.7 w 
3 4.41 4.51 3.63 0.62 2.92 5.86 2.05 8.66 0.76 0.71 37.72 27.98 433.5 w 
4 3.49 4.12 4.81 1.90 3.30 5.42 2.30 9.93 1.27 1.28 36.37 25.90 435.8 w 
5 3.73 4.83 5.01 1.27 4.43 5.00 2.40 8.61 0.90 0.68 38.05 25.00 435 w 
6 5.49 5.97 4.68 0.85 4.60 5.48 1.72 6.71 1.16 0.35 39.70 23.30 436.1 w 
7 3.40 5.85 6.52 1.40 2.37 5.62 2.37 7.97 2.35 1.44 34.67 26.20 437.2 w 

the direction of a set of coverage zones. 
I claim: 7. The satellite antenna system according to claim 1, 
1. A satellite antenna system comprising: 
an array (10) of radiating elements preceded by an 55 offset antenna con?gurations with a very high offset 

ampli?cation stage (17); 
an optical focusing system (11); 

65 

wherein said aberrations are generated by the use of 

between 60° C. to 90°. angle which lies in a range 
1 t # ‘I i 


